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of a new-onset mood disorder diagnosis in the same period was 
not significantly increased for COVID-19 patients (1.2%; 95% CI: 
1.1-1.3) in comparison to RTI patients (1.1%; 95% CI: 1.0-1.2).

New-onset anxiety and mood disorders were not significantly 
increased in the interval of 121-365 days following initial presen-
tation (HR: 1.0, 95% CI: 0.91-1.1; and HR: 1.1, 95% CI: 0.97-1.2, 
respectively). In contrast, the HR for dyspnea, a known post-
acute COVID-19 sequela1, increased in both time periods (1.4, 
95% CI: 1.2-1.5; and 1.2, 95% CI: 1.0-1.3, respectively).

We reasoned that patients might be followed more closely 
after COVID-19 as compared with other RTIs, and that a higher 
visit frequency might increase the probability of a mental illness 
being recorded in the EHR. To assess this, we repeated our analy-
sis but added the frequency of visits 21 days or more after initial 
presentation as a factor to the Cox regression. The HR for any 
mental illness in the early post-acute phase was still significant 
(p<0.0001), but reduced to 1.2 (95% CI: 1.1-1.3).

Our results confirm the conclusion of the above-cited study3 
that patients are at significantly increased risk of psychiatric con-
ditions after a COVID-19 diagnosis. However, the degree of in-
creased risk documented in our study is substantially lower than 
previously found.

There are several potential reasons for the differences be-
tween our results and those of the above-mentioned study. The 
previous study included data from January 20, 2020 (first record-
ed COVID-19 case in the US) to August 1, 2020, while our study 
includes data through October 20, 2021. It is conceivable that 
perceptions of COVID-19 by patients have shifted or that clinical 
practice has changed in the intervening time. It is possible that 
improved treatment options available later in the pandemic have 
reduced the risk of psychiatric illness. Finally, COVID-19 vacci-
nation may reduce rates of anxiety and depression and alleviate 
symptoms in persons with post-acute sequelae6,7. Thus, the in-
creasing availability of vaccines might have reduced the rate of 
mental illness following COVID-19. The data available in N3C do 
not include comprehensive information about vaccination sta-
tus, so we could not test this hypothesis.

Many cohort studies have documented a high prevalence 
of mental illness in individuals with long COVID. For instance, 
in our recent analysis, the prevalence of depression was 21.1% 
(median reported percentage in 25 studies) and that of anxiety  
was 22.2% (median over 24 studies)1. However, it is possible that  
the reported prevalence of these and other conditions was in-
flated by a sampling bias toward long COVID patients who 
joined support groups or chose to participate in cohort studies8. 

This, and the fact that inclusion criteria for long COVID studies 
vary, has made it difficult to characterize the natural history of 
psychiatric manifestations of long COVID. Our study did not fo-
cus specifically on long COVID, but instead investigated a cohort 
of patients following a diagnosis of acute COVID-19. It is difficult 
to know what proportion of these patients went on to develop  
long COVID; the recent introduction of ICD-10 codes for long  
COVID9 may enable studies on this topic in the future.

In summary, we support previously published reports of an 
increased risk of new-onset psychiatric illness following acute 
COVID-19 infection. In contrast to the nearly doubled risk identi-
fied by the earlier study, we found the relative risk to be increased 
by only about 25% (3.8% vs. 3.0% following other RTI). We did not 
find a significant difference in risk in the late post-acute phase, 
suggesting that the increased risk of new-onset psychiatric illness 
is concentrated in the early post-acute phase.

Our results have important implications for understanding 
the natural history of psychiatric manifestations of COVID-19. 
If confirmed by independent studies, our findings suggest that 
health services should consider mental health screening efforts 
early in the post-COVID clinical course.
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Evidence-informed is not enough: digital therapeutics also need to 
be evidence-based

We are witnessing exponential growth in a heavily capitalized 
digital health industry which promises to transform behavioral 
and mental health care1,2. Consequently, it is critical that there is 
no ambiguity about the evidence standards necessary for the safe 

and effective treatment of psychiatric disorders through digital 
approaches. In our opinion, these standards should be essentially 
the same as for any other form of treatment, or even arguably 
higher, given the intrinsic likelihood of placebo effects in software 
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products that are specifically designed for user engagement3.
These standards are all the more necessary as user engagement 

is often far less than reported, in clinical studies but especially in 
the real world, where it hovers at less than 5% after two weeks4,5. 
The nascent digital industry, therefore, must resist marketing and 
investor pressures in favor of sound clinical governance when 
developing “software as a medical device” (SaMD) where the de-
clared purpose is “treatment or alleviation of disease”6; a modal-
ity increasingly referred to as “digital therapeutics” (DTx)2.

If the industry unequivocally adopts evidence-based gold 
standards, there is opportunity for great good, and this need not 
be a complex undertaking, because the treatment evaluation tem-
plate is well established. The randomized controlled trial (RCT), 
despite its focus on internal validity and inherent limitations to 
generalizability, has been the mainstay of evidence-based medi-
cine for many decades, and the solution to the crucial matter of 
external validity may be found in real-world data (RWD), which is 
best regarded as complementary, rather than alternative, to clini-
cal trials data7.

We are concerned, however, that it may be tempting to utilize 
the near-hand available RWD associated with SaMD to supplant 
the need for robust clinical trials. We do not believe that this is the 
US Food and Drug Administration (FDA)’s intention when they 
require RWD as part of their Pre-Cert model, but rather that the 
combination of RCT and RWD offers a compelling safety and ef-
fectiveness argument. This combination is necessary as, while an 
RCT can establish efficacy, the very nature of DTx, as compared 
to pharmaceuticals, requires their clinical effectiveness to be 
studied. With mounting data that real-world longitudinal engage-
ment with many of these apps is minimal, the need for this clini-
cal “pipeline” of studies has become critical5.

The risks of ignoring this rigorous pathway are substantial. 
There is already a parallel concern relating to neurotechnology 
devices being marketed to consumers as aids to cognitive and 
mental health without sufficient oversight8. We are mindful of a 
history of what has been termed “stealth research”9 in the digital 
sector, which has already caused reputational damage, and are 
wary of reliance on an “evidence-informed” company rhetoric 
that is not consistent with evidence-based standards.

Although we absolutely do recognize that clinical trials re-
search should be combined with other inputs to ensure evi-
dence-informed decision-making in clinical practice, our point is 
that it is spurious to regard evidence-informed as a substitute for 
evidence-based. The requirement to generate clinically mean-
ingful evidence on a DTx should be related to the product itself 
being evidence-based. However, one becomes familiar with an 
unhelpful form of “inductive reasoning” along the lines of: “1. X 
treats Y effectively; 2. This new product contains X; 3. Therefore, 
this new product treats Y effectively”. No novel selective seroto-
nin reuptake inhibitor (SSRI) would ever be approved or offered 
to patients without testing just because other SSRIs have estab-
lished effects.

Of course, DTx are likely to contain behavioral elements, but 
the fallacious argument equally applies. Indeed, 14 out of the 25 
FDA-cleared DTx products utilize cognitive-behavioral therapy 

(CBT) to treat the conditions they target1. Simply having con-
tent that is drawn from an evidence-based field, or endorsed by 
subject experts, does not demonstrate clinical efficacy of a novel 
DTx. Our argument is that any candidate DTx product itself, with 
its integrated content fields and software algorithms, needs to 
be subjected to rigorous evaluation in a clinical trial program as 
well as in real-world use cases, in order to be regarded as a safe 
and evidence-based treatment. Consequently, a candidate DTx 
should not be made available to treat a medical condition until 
it has proven benefits, because the intention to become a thera-
peutic does not make any intervention a therapeutic.

The most obvious danger of treating evidence-informed as 
evidence-based in DTx is the potential for adverse effects, reck-
less inefficacy, and devaluation of the entire space. Along with 
this, however, there is an additional danger stemming from any 
perceived equivalence of evidence-informed and evidence-based. 
Specifically, treating evidence-informed DTx as though they are 
evidence-based creates an environment in which actual evidence-
based interventions (e.g., in-person CBT) could be easily replaced 
by DTx, which claim to have the same evidence as those existing in-
terventions, but in reality could lack the efficacy of those genuinely 
evidence-based approaches. Thus, in a worst-case scenario, blind 
substitutions of evidence-based care with evidence- informed DTx 
could deprive patients of effective interventions, while providing 
them with a time-wasting or even adverse alternative.

Although our analogies to drugs and to in-person therapeutics 
may be imperfect, we strongly urge that it is prudent to apply the 
same standards, if not even higher, to the DTx clinical research 
pipeline. Some may say that the emergence of a novel, disruptive 
approach like DTx presents the opportunity to “break the mould”. 
However, surely the counterbalance to that is that the greater the 
novelty, the greater the need for caution.

There is much at stake where treatment of psychiatric condi-
tions is concerned, and the duty to be evidence-based should not 
be taken lightly. The popular phrase attributed to astronomer Carl 
Sagan, “Extraordinary claims require extraordinary evidence”, is a 
fitting end to this piece, and a beginning to the journey towards a 
higher standard for evidence.
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